The Electrogeneration of Organic Precipitating Agents by Keane, Jeannine Martha
Union College
Union | Digital Works
Honors Theses Student Work
6-1967
The Electrogeneration of Organic Precipitating
Agents
Jeannine Martha Keane
Union College - Schenectady, NY
Follow this and additional works at: https://digitalworks.union.edu/theses
Part of the Chemistry Commons
This Open Access is brought to you for free and open access by the Student Work at Union | Digital Works. It has been accepted for inclusion in Honors
Theses by an authorized administrator of Union | Digital Works. For more information, please contact digitalworks@union.edu.
Recommended Citation
Keane, Jeannine Martha, "The Electrogeneration of Organic Precipitating Agents" (1967). Honors Theses. 2223.
https://digitalworks.union.edu/theses/2223
UNION COLLEGE - GRADUATE STUDIES 
Schenectady, New York 
THE ELECTROGENERATION OF ORGANIC PRECIPITATING AGENTS 
A thesis presented to the Committee of Graduate Studies 
and the Department of Chemistry of Union College, Schenectady,' 
New York, in partial fulfillment of the requirements for the 
degree of Master of Science. 
rl.., 
by Jeannine M( Keane 11S 1967 
Date. __ ..,s.,:.l.,~l._,7 /c...i.t1:...,1;2 _ 
t 
t'/OZ 
!: ... ..e 
ACKNOWLEDGMENTS 
I would like to thank my Research Advisor, 
Professor John G. Lanese, for suggesting the subject 
for this research. His guidance and assistance have 
been greatly appreciated. 
I wish also to thank Professor William B. Martin 
for advice on the preparation of substituted butanes. 
ii 
TABLE OF CONTENTS 
ACKNOWLEDGEMENTS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
LIST OF TABLES ••. ................................... 
LIST OF ILLUSTRATIONS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
ABSTRACT ••..• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
INTRODUCTION. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
I. DIMETHYLGLYOXIME 
HISTORY ••••••• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
EXP ER I MENTAL ••••••••••.•.•.•.• . . . . . . . . . . . . . . . . . . . . . . 
Apparatus and Materials. . . . . . . . . . . . . . . . . . . . . . . 
Procedure and Results ••• 
Polarography ••.•.• 
Possible Reactants •••.. 
. . . . . . . . .... ... . . . . . 
DISCUSSION •..••••••.•••.•••.•.•.• . . . . . . . . . . . . . . . . . . . 
II. OXALATE ION 
HISTORY .•.•••. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
EXPERIMENTAL •••••••••••••••.•. . . . . . . . . . . . . . . . . . . . . . . 
Apparatus and Materials. ........... - . 
Procedure and Results .•..•.•..••••••••••••.••• 
Polarography of Oxalic Acid and Ethylene 
Glycol . 
Lead Oxalate as a Reactant •••••••••••••• 
Electrolysis of a Saturated Lead Oxalate 
Solution . 
Quantitative Precipitation of Calcium 
Oxalate . 
iii 
Page 
ii 
v 
vi 
viii 
1 
3 
3 
3 
4 
4 
11 
14 
15 
16 
16 
17 
17 
19 
20 
23 
iv 
Page 
Investigation of Conductometric Equiva- 
lence Point Detectiono•••••••••••••• 26 
Possibility of a Silver-Silver Oxalate 
Indicator Electrode................. 29 
Investigation of a Load-Lead Oxalate 
Indicator Electrode................. JO 
DISCUSSION....... • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 
BIBLIOGRAPHY........................................ 45 
Table 
1. 
2. 
J. 
LIST OF TABLES 
Variation of the half-wave potential for 
dimethylglyoxime with pH .•.....•••••••••• 
Physical properties of 2,J-diaminobutane •••• 
Theoretical variation of the lead-lead 
oxalate electrode potential with oxa- 
late ion concentration •••..•••••••••••••• 
v 
Page 
11 
13 
JJ 
LIST OF ILLUSTRATIONS 
Figure Page 
3. 
1. Polarogram of 1 mM dimethylglyoxime at 
pH J • J • • .............•••. • ... • •.•• • • • • • • • • 5 
2. Polarogram of 1 mM dimethylglyoxime at 
pH 4 . 9 . 6 
Polarogram of 1 mM dimethylglyoxime at 
pH 6 • 9 ...••.....•..•...••..••••.•...•••••• 7 
4. Polarogram of 1 mM dimethylglyoxime at 
pH 9. 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 8 
5. 
6. 
Polarogram of 1 mM dimethylglyoxime at 
pH 10. 8 ••....................•.......•..•• 9 
Polarogram of 1 mM nickel(II) at pH 9.5 •••••• 10 
?. Polarogram of saturated lead oxalate 
solution.................................. 21 
8. 
9. 
Polarogram of saturated lead oxalate 
solution in 1 M potassium chloride ••.••..• 22 
Conductometric titration of 0.1 M calcium(II) 
with 0 .1 M oxalic acid . 27 
10. Conductometric titration of 1 mM calcium(II) 
with 1 mM oxalic acid ••••.....••.•..•• .-... 28 
11. 
12. 
13. 
Potentiometric titration of 0.1 M calcium 
nitrate with 0.1 M sodium oxalate using 
silver-silver oxalate indicator electrode. 31 
Potentiometric titration of 0.1 M calcium 
chloride with 0.1 M oxalic acid using 
lead-lead oxalate indicator electrode ••••• 35 
Potentiometric titration of 0.1 M calcium 
chloride with 0.1 M oxalic acid using 
lead-lead oxalate indicator electrode ••••• 36 
vi 
vii 
Figure Page 
14. Potentiometric titration of 0.1 M calcium 
chloride with O.l M sodium oxalate using 
lead-lead oxalate indicator electrode ••••• 37 
15. Potentiometric titration of 0.1 M calcium 
nitrate with O.l M sodium oxalate using 
lead-lead oxalate indicator electrode ••••• JS 
16. Potentiometric titration of O.l M calcium 
nitrate with 0.1 M sodium oxalate using 
lead-lead oxalate indicator electrode arid 
supporting electrolyte.................... 40 
ABSTRACT 
The purpose of this research was to investigate the 
electrogeneration of organic precipitating agents with a 
coulometric measurement of the precipitant as the ultimate 
aim. The nickel-dimethylglyoxime and calcium oxalate systems 
were studied, the latter more successfully. 
Polarography was used to determine the possibility 
of electrolytically producing oxalate ions from several 
compounds. The most feasible source appeared to be lead 
oxalate, with lead reduction yielding oxalate ions. It was 
shown that calcium oxalate could be precipitated from the 
electrolysis product. 
The next problem was finding an appropriate means of 
end point detection. A potentiometric method using a class 
three lead-lead oxalate electrode seemed ideal, and this 
was studied. 
The constant potential coulometric measurement is 
considered to be possible since lead itself has been deter- 
mined by this means. Thus, the oxalate ions generated could 
be measured up to an end point, indicating completeness of 
calcium oxalate precipitation. 
viii 
INTRODUCTION 
An important method of analysis and sep~ration in 
analytical chemistry is precipitation. It has been shown 
that by slowly adding diluted precipitant, it is usually 
possible to obtain a crystalline form that may be handled 
by gravimetric procedures. The length of time required for 
such a slow precipitation is sometimes too long for a prac- 
ticable laboratory determination. Equally good results have 
been obtained, however, using the method of precipitation 
from homogeneous solution. 
In this procedure, the precipitant is generated in 
the solution by a homogeneous chemical reaction. Besides 
shortening the precipitation time, the advantages are the 
elimination of und·esirable concentration effects and the 
formation of a precipitate that is readily filtered. Methods 
have been developed for the generation of several anions as 
precipitants. 
It was thought that generation of the precipitant 
might be accomplished by electrochemical means as well as 
by chemical reaction. That idea was the basis for this re- 
search. Specifically, the electrogeneration of organic pre- 
cipitants was studied. The possibility of a coulometric 
measurement of the necessary precipitant was also considered. 
Initially, a survey of organic precipitants was made 
1 
2 
with particular attention paid to th~ possible electro- 
actiyity. Ar.:J.ong ~~ose cons~de~ed were sodium tetra~h~ny_- 
bor~te, oxa~ic ac:~ and dimethy:glyoxime. The tetraphe~yl- 
polarog~ap~ica ly (~)o The reverse reaction should ~enerate 
~he precipitan~. So:vents used were acetic acid, ~J.N-di1et~- 
y_forLlamide and acetoflitrile~ s·nce an aqueous solution was 
desired ~or t.~s research9 tetraphenylborate ion was not 
g i.ver further cons ider'--·.:;io:r:. .. 
Tr ....... two p::.."0c:pitants chosen for study were d t.ne t hy - 
g Ly ox l me , a p:."ecipi·cant fo:.'.' n c ke l., and oxalic acid, a pre- 
cipi t nt foT calciumo 
I. DIMETHYLGLYOXIME 
History 
The homogeneous precipitation of nickel dimethyl- 
glyoximate has been accomplished by raising the pH of an 
acid solution slowly with urea; the glyoximate is insoluble 
at a higher pH (~,3). This precipitation has also been 
achieved by treating biacetyl with hydroxylamine in the pres- 
ence of nickel in ammoniacal solution (4-7). Dimethylgly- 
oxime is slowly produced, precipitating nickel. 
It was desired to find a way to generate dimethyl- 
glyoxime by some electrochemical means as a method for the 
precipitation of nickel. 
Experimental 
Apparatus and Materials 
A Sargent Model XXI Polarogxaph was used. The elec- 
trolysis cell was an H-cell with a saturated calomel reference 
electrode. A dropping mercury electrode of conventional 
design was used (8). 
The pH measurements were made with a Leeds and 
Northrup No. 7045 pH Meter, which was standardized with buffer 
solutions. 
3 
Chemicals were analytical reagent grade, where 
ava1lable. 
Procedure and Results 
Polarogra~hy Te electroactivity of dimethlyglyoxime was studied 
polarographically. Since it was desired to operate in an. 
aqueous solution, an attempt was made to prepare a 1.0 m.M 
solution of dimethylglyoxime in 100% water, but the dimethyl- , 
glyoxime was insoluble. A 1.0 mM solution of dimethylglyox- 
ime was possible in a mixture of 95% water and 5% absolute 
ethanol. 
The initial solution used for polarography was 
1.0 m.M dimethylglyoxime in a mixture of 5% ethanol and 
95~ aqueous buffer solution. The latter was a O.l M NH4Cl- 
O.l M NH40H solution with a pH of 9.5. A polarogram was run, 
and the Ei was found to be -1.58 v. vs. s.c.E. This agreed 
with that reported by Meites (8,9). 
The variation of Eb with pH was determined using a 
2 
series of buffers. As reported pnev Lous Ly ( 9, 10), a double 
wave was found at lower pH values. Results are given in 
Table 1, and polarograms are shown in Figures 1-5. 
The electroactivity of nickel was considered. A 
polarogram of 1.0 mM Ni(No3)2•6H2o solution in a 0.1 M NH4Cl- 
o.1 M NH40H buffer of pH 9.5 showed a Ei of -1.22 v , vs. 
s.c.E. This polarogram is given in Figure 6. At a pH of 9.5, 
the reduction of Ni(II) occurs at a less negative potential 
Fig. 1. - Polarogram of l mM 
dimethylglyoxime iri. potassium acid phthalate - 
h drochloric acid buffer at H J.J • 
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Fig. 2. • Polarogra~ of 1 mM dimethyl- 
glyoxime in potassium acid phthalate - sodium hydroxide 
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Fig. J. - Polarogra~ ·of l mM d1methyl- 
·glY.OX1me 1n phosphate buffer at pH 6.9.- 
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Fig. 4. -.Polarogra_m. of 0.4 mM dimethyl- 
glyoxime in ammonium hydroxide - ammonium chloride buffer 
at pH 9.5 
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Fig. 5. - Polarogram · of· l·. mM dimethyl- 
glyoxime in sodium bicarbonate - sodium hydroxide buffer 
at pH 10.8. 
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Fig. 6. - Polarogram· of l mM n1ckel(II) 
1n O~ 1 M )~lH4Cl • O. l M NH40H buffer at pH 9. 5 • 
• p. 
a 
cS 
0 
H o 
oM a 
;.,.i 
II .  a 
o 
. ' - 
•,. 
t'-1 .. 
.µ 
&· 
S-. 
~ 
CJ 
-1.0 -1.4 -1.6 
Ed.e.• volts vs. S.C.E. 
11 
.than the reduction of dimethylglyoxime. 
TABLE 1 
VARIATION OF EA FOR DIMETHYLGLYOXIME WITH pH 
2 
Buffer % E-6, v , vs. Fig. pH EtoHa 2 S.C.E. 
3.3 Potassium acid phthalate- 10 -1.00, -1 • .32 1 hydrochloric acid 
4.9 Potassium acid phthalate- 10 -1.14, -1.44 2 
sodium hydroxide 
6.9 Parstain's phosphate 10 -1.22 3 buffer 
9.5 Ammonium hydroxide- 5 -1.56 4 ammonium chloride 
10.8 Sodium bicarbonate- 10 no waveb 5 sodium hydroxide 
aAlthough the E~ varies with the percentage of ethanol, 
the difference2reported by Meites (9) between a 5% 
and a 10% ethanol-water solution is only 0.02 v. 
bThe slight wave found at -1.32 v. was attributed to 
the reduction of oxygen. 
Possible Reactants ft has been reported that the controlled potential 
reduction of dimethylglyoxime yields 2,3-diaminobutane (9,11). 
Meites also stated that dimethylglyoxime decomposes in acidic 
solution to form a new compound whose suggested identity was 
2,3-dinitrosobutane. 
Both 2,3-diaminobutane and 2,3-dinitrosobutane, as 
well as 2,3-dinitrobutane, were considered as possibilities 
12 
·for the generation of dimethylglyoxime. Although no infor- 
... mation was found on the reduction of the latter two compounds, 
the polarograph1c reduction of 2-nitrobutane reportedly yields 
the oxime (8). The anodic oxidation of several amines, not 
including 2,J-diaminobutane, has been studied by Mann (12), 
but the products were not identified. 
None of the above substituted butanes were readily 
available from chemical suppliers, or easily prepared. Con- 
sidering possible interference from reduction of nickel(II), 
generation of the precipitant by oxidation was preferable. 
For this reason, attention was centered on the preparation 
of 2,3-diaminobutane. 
The preparation of 2,J-diaminobutane has been accom- 
plished through the electrolytic reduction of dimethylgly- 
oxime, the chemical reduction of dimethylglyoxime using 
Rainey Ni-Al alloy (13,14), and the reduction of the unstable 
2-nitro-J-aminobutane formed by the addition of alcoholic 
NHJ to the olefin, 2,J-dinitro-2-butene (15,l~). 
Since 2, 3-dibromobutane c·ould be obtained, this was 
used in an attempt to prepare 2,3-diaminobutane. A three- 
necked flask with a condenser, thermometer, mechanical stirrer 
and a separatory funnel was used. To 100 ml. of 15 M N840H, 
24.0 g. of 2,3-dibromobutane (M.P.<-80°c., a.24-1.789) were 
slowly added with stirring. No temperature change or other 
evidence of reaction was noted. To increase the miscibility 
of the two phases, 20 ml. of dioxane were added, and 
1.3 
·the mixture was stirred continuously for 4 hrs. 
The desired product, 2,J-diaminobutane, has~ 
and d,l forms having the physical properties shown in 
Table 2. 
TABLE 2 
PHYSICAL PROPER.TIES OF 2,3,-DIAMINOBUTANE (14) 
Form d24 n25 B.P. D 
meso- 0.8564 1.4420 59-6o0c. (60 mm , ) 
d,1- o.8499 1.4408 57-58°c. (60 mm.) 
If the desired replacement reaction had occurred, 
a liquid having a density very slightly less than that of 
' the ammonia solution would have been expected, or the product 
might have dissolved in the unreacted 2,J-dibromobutane. 
Only two layers were apparent. These were separated. 
The aqueous layer was acidified with nitric acid and tested 
for the presence of bromide ions. The addition of silver 
nitrate produced a greenish-white precipitate, indicating 
that at least some of the bromine had been displaced. The 
organic layer was extracted with 25, 10 and 10 ml. portions 
. of O.l M HCl to remove any amine that might have formed. 
The extract was made slightly alkaline with NH40H, but no 
precipitate formed. It appeared that no amine was extracted. 
14 
Since the object of this research was not to be the 
preparation of a compound, no further work was done on the 
preparation of the substituted butanes that appeared to be 
the most feasible sources of dimethylglyoxime. 
Discussion 
Dimethylglyoxime is reduced polarographically over 
a pH range of from J.J to 9.5. For reasons already given, 
the reduction product is thought to be 2,J-diaminobutane. 
It would be of interest to study the possibility of oxidizing 
2,J-diaminobutane. If the product of this oxidation were 
dimethylglyoxime, a new method could be developed for the 
precipitation of nickel. A coulometric procedure might re- 
place the gravimetric method of analysis. 
When determining the practicability of a laboratory 
method, the availability of reagents is an important con- 
sideration. The 2,J-disubstituted butanes desired in this 
research were found to be unavailable and not easily pre- 
pared. A lengthy preparation of reagents might counterbalance 
the advantage of speed offered by an electroanalytical method. 
Further investigation into the preparation of di- 
substituted butanes, particularly 2,J-diaminobutane, would 
be necessary for the continuation of this research. It is 
thought that the available 2,J-dibromobutane might be con- 
verted to 2,J-diaminobutane by a stronger base such as sodium 
amide. 
II. OXALATE ION 
History 
The second organic precipitant studied was the 
oxalate ion, which is used for the precipitation of several 
cations, including calcium. The classical gravimetric deter- 
mination of calcium is accomplished through the precipitation 
of calcium oxalate in neutral or slightly alkaline solution. 
The precipitate is weighed as the oxalate, carbonate or 
oxide. Calcium oxalate may be determined volumetrically by 
dissolving it in acid and titrating with potassium permanga- 
nate. 
Methods for the homogeneous precipitation of calcium 
have been developed. In one, the pH of an acid solution 
containing HC204- ions is raised using urea (17). Dimethyl 
oxalate has also been used (18). The hydrolysis of this 
ester generates oxalate ions. 
The objective was to investigate the possibility 
of electrolytically generating oxalate ions. A brief survey 
was made of the existing electroanalytical methods for cal- 
cium, since some of these might be helpful in the present 
research. 
Polarography has been used to determine calcium by 
the reduction of the excess picrolonic acid after the pre- 
15 
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·ci~itation of calcium picrolonate (19). When calcium ions 
are added to a saturated cadmium oxalate solution, the less 
soluble calcium oxalate is precipitated. The increase in 
cadmium ions can then be measured polarographically (20). 
Potentiometric determinations include titration with 
EDTA using a silver indicator electrode for detection of the 
equivalence point (21). A third order silver-silver oxalate 
indicator electrode has been used in the potentiometric titra- 
tion of neutral calcium solutions with standard sodium oxa- 
late solution (22). 
Constant current coulometry has been used to measure 
an electrogenerated complexing agent. Ethylene glycol bis- 
(~-aminoethyl ether)-N.N•-tetraacetic acid was generated from 
its mercury salt (23). The equivalence point was determined 
potentiometrically using a mercury indicator electrode. A 
method for the coulometric generation of EDTA from its mer- 
cury salt has also been developed (24,25). 
Experiment'al 
Apparatus and Materials 
Polarograms were obtained using a Sargent Model XXI 
Polarograph with an H-cell and a saturated calomel reference 
electrode. In addition to a dropping mercury electrode, 
other electrodes investigated were graphite and platinum. 
The graphite electrode was an emission, spectroscopic elec- 
trode. The stationary platinum electrode consisted of a 
17 
·pi~ce of platinum wire sealed in the tip of a glass tube. 
The pH measurements were made using a Leeds and Nor- 
thrup No. 7045 pH Meter or a Coleman Metrion pH Meter. 
Cells for electrolyses varied according to the 
electrolysis and will be described later. The D.C. power 
sources employed were a Heathkit Battery Eliminator and a 
Fisher Electrodeposition unit. 
Potential measurements were made with a Leeds and 
Northrup Type K-3 Universal Potentiometer and a Leeds and 
Northrup Model No. 7551 Potentiometer. 
Conductance measurements were made using a Serfass 
conductance bridge. 
Procedure and Results 
Polarography of Oxalic Acid and Ethylene Glycol 
The initial problem was the selection of a reagent 
which would yield the desired oxalate ion upon electrolysis. 
It was thought that polarographic studies of oxalic acid and 
ethylene glycol would prove helpful here. If ethylene glycol 
could be oxidized to oxalic acid, this might be a good and 
easily obtained source of the precipitant. 
Polarographic reduction of oxalic acid in acetate 
buffers of pH 5.5 to 6 has been reported to have a E~ of 
2 
-1.77 v. vs. s.c.E. (8). A concentration dependent wave has 
been obtained in a 1 N potassium chloride solution buffered 
to pH 2 (26). 
18 
A 0.1 M NaOAc - 0.1 M HOAc buffer solution was pre- 
pared, and the pH determined to be 4.4. This was used as a 
supporting electrolyte for a 1 mM oxalic acid solution. A 
polarogram was run, but no definite wave was obtained before 
the reduction of hydrogen. An acetate buffer of pH 6.9 was 
prepared, and a 1 mM oxalic acid solution was made. A polaro- 
gram was run, and again, no reduction wave was apparent be- 
fore the reduction of the solvent. 
The possibility of electrochemical oxidation of 
ethylene glycol to oxalic acid was considered. Such an 
oxidation can be accomplished chemically using a Pt-C cata- 
lyst (2?). 
One millimolar solutions of ethylene glycol in 
acetate buffers of pH 6.9 and 4.4 were prepared. Voltam- 
metric studies,using a stationary Pt electrode showed no oxi- 
dation wave in the range from -2 v. to +2 v. The range from 
0 v. to +2 v. was checked using a graphite electrode. With 
the solution buffered at pH 6.9, no wave was obtained. 
A Pt electrode was used in additional voltammetric 
studies of ethylene glycol and ethylene glycol with a small 
amount of potassium chloride added. No wave was found. 
Solutions of ethylene glycol in absolute ethanol dontaining 
(C2H5)4NBr and in ethanol containing KNo3 were run, but with- 
out success. 
Since no voltammetric evidence of the oxidation of 
ethylene glycol was found, it was assumed that ethylene 
19 
gly..col does not give the desired electrode reaction. 
Lead Oxalate as a Reactant 
Another approach was then considered: the possibility 
or releasing oxalate ions from an oxalate whose solubility 
is slightly less than that of calcium oxalate. This could 
be done if the cation of the less soluble oxalate could be 
reduced electrolytically. The solubility products of several 
oxalates were considered, and it was decided that lead oxa- 
late would be studied since its saturated solution has an 
oxalate ion concentration approximately that required for 
precipitation of calcium oxalate from a 10-3 M ca++ solution. 
The equilibria considered were 
PbC204 Pb++ + C204= 
K = 2.74 x 10-ll s.p. 
and, ca+++ CaC204 C204= 
K = 1.78 x 10-9 s , p , 
If the reduction PbCz04 + .2e =Pb+ C204= occurs in 
the presence of 10-4 M ca++, for example, the oxalate ion con- 
centration increases until calcium oxalate begins to precipi- 
tate. This precipitation continues until all of the ca++ is 
reacted. Completeness of precipitation is indicated by an 
increase in the oxalate ion concentration. A coulometric 
measurement of the lead deposited could be used to calculate 
the exact amount of calcium ion. 
With this in mind, the experimental work was begun 
20 
·with the polarography of a saturated lead oxalate solution. 
Lead oxalate was prepared by dissolving 33 g. of Pb(N03)2 
in 200 ml. of water, and mixing this with a solution of 9.0 g. 
of oxalic acid in 100 ml. of water. The precipitate was 
allowed to settle, filtered on a Buchner funnel and air-dried. 
The polarogram of a saturated lead oxalate solution 
is shown in Figure?. The half-wave potential was -0.40 v. 
An additional polarogram was run using 1 M KCl as a support- 
ing electrolyte. As shown in Figu;re 8, the Ei was -0.43 v. 2 
Meites gives a E1 of -0.40 v. for Pb(II) in 0.1 M KCl (8). 
2 
Electrolysis of a Saturated Lead Oxalate Solution 
Since the desired reduction seemed possible, a 
cell was set up for the electrolysis of a saturated lead 
oxalate solution. Into a 300 ml. electrolysis beaker was put 
a Pt gauze cathode, a saturated calomel reference electrode, 
and 0.5 g. of lead oxalate in distilled water. This was con- 
nected by an agar-KCl U-type salt bridge to a 180 ml. elec- 
trolysis beaker containing 1 M KCl and a Pt anode. The cir- 
cuit was completed with a D.C. power source and an ammeter. 
No appreciable current flowed, and the resistance of 
the salt bridge was found to be high. The agar salt bridge 
was removed, and a medium porosity scintered glass crucible, 
4 cm. in diameter, was used as the anodic chamber. This was 
supported in the JOO ml. beaker so that the level of the ano- 
lyte was above that of the catholyte. A Pt wire wound into 
a helix was used as the anode. The resistance of this cell 
21 
Fig. 7 •. - Polarogram of a saturated 
lead oxalate solution with no added electrolyte • 
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Fig. 8. •Polarogram of a saturated 
lead oxalate solution in l M potassium chloride • 
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was found to be much less than that of the cell using the 
agar-KCl salt bridge. 
The potential of the cathode was measured, and it was 
controlled manually in the range from -0.4 to '-1.0 v. Poten- 
tiostatic control would be necessary for the constant poten- 
tial determination desired eventually. The current measured 
was from 10 to 20 milliamperes. 
That electrolysis did occur was apparent from the 
accumulation of a dull substance (assumed to be lead) on the 
cathode. Electrolysis was continued for approximately four 
hours, and then the catholyte was filtered. The pH of the 
filtrate was 10.4. When a small amount of calcium nitrate 
was added to a portion of the filtrate, a very slight tur- 
bidity resulted. This turbidity was greater than that pro- 
duced by an eq~al amount of calcium nitrate added to the 
filtrate from a saturated lead oxalate solution. It was con- 
cluded that the oxalate ion concentration of the catholyte 
had been increased by the electrolysis. 
Quantitative Precipitation of Calcium Oxalate 
To determine whether the oxalate ion concentration 
produced by such an electrolysis is sufficient for a quanti- 
tative determination of calcium, another electrolysis was 
run using 0.5633 g. of lead oxalate, dried at 105°c. for one 
hour. Attempting to increase the efficiency of the electroly- 
sis, a 1.0 M KCl supporting electrolyte was used in the cath- 
odic chamber. The electrolysis was run for approximately 
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fotl.r hours. At that time, most of the solid had disappeared, 
and the current had dropped from about 35 mi+lia.mperes to a 
negligible amount. 
The catholyte was filtered through a weighed Gooch 
crucible. The pH of the filtrate was 11.1, and a definite 
turbidity developed when a small amount of calcium nitrate 
was added to a few milliliters of it. 
The amount of lead oxalate remaining after the elec- 
trolysis, as determined by weighing the Gooch crucible after 
drying for one hour at 105°c., was found to be 0.0228 g. 
This was subtracted from the amount of lead oxalate added at 
the start, and it was assumed that 0.5405 g. had been con- 
verted to oxalate ions and lead. It was noted that a small 
amount of lead oxalate had collected in the curved tip of the 
S.C.E., and so,the actual amount would have been slightly 
less than 0.5405 g. Theoretically, 0.379 g. of lead should 
have been deposited on the cathode, and the amount weighed 
was 0.365 g. 
Using this information, it was calculated that 
1.8 x 10-3 moles of oxalate ion were available for the pre- 
cipitation of calcium oxalate. A calculation based on the 
average measured current and the electrolysis time gave an 
approximation of 2.7 x 10-3 moles of oxalate ion. 
A rough quantitative calcium determination was made, 
taking 0.504 x 10-3 moles of Ca(N03)2°4Hz0 in a volume of 
approximately 25 ml. To this, the electrolysis filtrate 
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was slowly added with stirring; the precipitate was allowed 
to settle for 1 hour and filtered on a weighed scintered glass 
filtering crucible of medium porosity. The precipitate was 
d'.f'iea ~'e 1QQGG. f gr l hmar A:nd w€Jil3h€id cas Cs.0~04 • H;eO w 'l'he 
weight was 0.0697 g., as compared with the theoretical weight 
0.0737 g. There was an error of -6%. 
In order to make a more precise gravimetric deter- 
mination, a standard calciura solution was prepared using CaC03 
which had beeri dried overnight at 105°c. To approximately 
100 ml. of water in a 400 ml. beaker was added 4.025 g. of 
CaC03, followed by 9 ml. of _concentrated HCl. When solution 
was complete, the dissolved carbon dioxide was removed by 
boiling. After cooling, the solution was neutralized with 
NF40H and diluted to 500 ml. with water that been boiled and 
cooled. This yielded a solution that was 0.08042 M. Ten 
milliliters of this.were taken, and calcium oxalate was pre- 
cipitated using the filtrate of another electrolysis performed 
as described previously. 
- The precipitate was collected on a dried and ignited 
porcelain porous-bottomed filtering crucible. This was used 
to enable ignition of the precipitate if-desired. The weight 
of CaC204·H20 found was 0.1194 g. The calculated.theoretical 
weight expected was 0.1175 g. The error was +1.6%. 
It seemed that a quantitative determination of calcium 
through precipitation with electrogenerated oxalate ion was 
very possible. 
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Investigation of Conductometric Equivalence Point Detection 
The next problem was to detect the equivalence point 
in such a determination. The first consideration was a con- 
ductometric method which seemed possible since at the equiva- 
lence point, the calcium ion concentration would decrease 
sharply, and the oxalate ion concentration would increase. 
For the purpose of determining the feasibility of 
conductometrically locating the equivalence point, some con- 
ductometric titrations were run. An oxalic acid solution 
was made by dissolving 4.511 g. of oxalic acid in water and 
diluting to 500 ml., giving a 0.1002 M solution. The calcium 
solution used was 0.1008 M Ca(N03)2•4Hz0. 
In the titration, 5 ml. of calcium nitrate solution 
were diluted to approximately 400 ml., and conductance 
measurements were made after additions of oxalic acid solu- 
tion. The resulting curve is given in Figure 9. The calcu- 
lated equivalence point was 5.05 ml. As can be seen, the 
slope of the conductance curve does not change sharply enough 
for the location of this equivalence point. 
Hundredfold dilutions of aliquots of the above cal- 
cium nitrate and oxalic acid solutions were made. Five milli- 
liters of the resulting 1.008 mM calcium nitrate solution 
were diluted to 100 ml. and titrated with 1.002 mM oxalic 
acid. Conductance measurements were made, and the resulting 
curve is shown in Figure 10. Again, there was no satisfac- 
tory location of the theoretical equivalence point, 5.05 ml. 
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Although the preceding conductometric titrations did 
not seem to indicate the possibility of a sharp conductometric 
eq~ivalence point, some conductometric measurements were made 
during an electrolysis using 0.51 g. of lead oxalate in approx- 
imately JOO ml. of water to which 5 ml. of 0.1008 M calcium 
nitrate solution were added. The conductance' increased during 
the electrolysis, but no significant change that might indi- 
cate the equivalence point was seen. 
Possibility of a Silver-Silver Oxalate Indicator Electrode 
It was decided that a class three metal-metallic 
oxalate indicator electrode might be possible. As mentioned 
previously, a silver-silver oxalate electrode has been used 
for the equivalence point detection in the titration of cal- 
cium with sodium oxalate solution (22). This electrode was 
considered first. 
Silver oxalate was prepared by dissolving JO g. of 
' silver nitrate in water and adding 12 g. of oxalic acid to 
this. The indicator electrode consisted of a piece of silver 
wire which was wound into a coil and anodized in an oxalic 
acid solution in order to cover it with silver oxalate. 
To determine if this electrode would be useful with 
the concentrations being considered here, a potentiometric 
titration was run. Ten milliliters of 0.08042 M CaCl2 solu- 
tion (prepared from the carbonate as described before) were 
diluted to approximately 50 ml. in a 180 ml. electrolytic 
beaker. The solution was saturated with silver oxalate, and 
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the titration was carried out using 0.1002 M oxalic acid. 
The initial potential was +85.5 mv. vs. s.c.E. A 
maximum of 95.1 mv. was re :ed when the titration was approx- 
imately 25% complete. The potential then decreased, but no 
significant drop occurred at the theoretical equivalence 
point. It was decided that poor results were probably attri- 
butable to the formation .of silver chloride, since the calcium 
solution contained some chloride ion, and a S.C.E. was used. 
If the'silver-silver oxalate indicator electrode 
was to be used, halides would have to be excluded. A 0.1085 M 
calcium solution was prepared by dissolving calcium carbonate 
in dilute nitric acid, neutralizing and diluting with boiled 
water. AU-type salt bridge was made using a 3% agar and 
1 M KN03 solution. 
Five milliliters of 0.1085 M calcium nitrate were 
titrated with a 0.1015 M sodium oxalate solution. The poten- 
tial of the indicator electrode was plotted in Figure 11, but 
there was no apparent indication of the equivalence point. 
Investigation of a Lead-Lead Oxalate Indicator Electrode 
Since lead oxalate was to be used as the source of 
oxalate ions in the eventual determination, a lead-lead oxa- 
late indicator electrode suggested itself. No information 
pertaining to such an electrode was found, so the system was 
investigated by measuring the potential of the electrode dur- 
ing titrations of calcium using both oxalic acid and sodium 
oxalate as titrants. 
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Before the titrations were made, the standard poten- 
tial of the lead-lead oxalate electrode was calculated along 
with the potentials of the electrode for a number of oxalate 
ion concentrations. 
The half-cell reaction for this electrode is 
In the standard state, the activities of all substances are 
considered to be unity, so the oxalate ion concentration is 
assumed to be one. 
The standard potential for the lead-lead oxalate 
electrode may be calculated by considering the potential of 
the lead-lead ion electrode in the presence of a solution that 
has a one molar oxalate ion concentration. The concentration 
of lead ion is related to the concentration of oxalate ion 
by the solubility product of lead oxalate: 
K = rpb++J rc204 =J s . p , ~ ~ 
= 4.74 x 10-11• 
Since [c204=] = 1, then [pb++J = Ks.p. = 2.74 x 10-11 
For the half-cell reaction Pb+++ 2e =Pb, the stan- 
dard potential is -0.126 v. vs. N.H.E. According to the 
0.0592 1 
Nernst equation, Epb++,Pb = E0pb++,Pb - - 2 log [Pb++]· 
In this case, Epb++,Pb = -0.126 + o. 0296 log ,(2. 74 x 10-ll) • 
= -0.438 v. vs. N.H.E. 
= -0.680 v. vs. S.C.E. 
= E0PbC204,Pb 
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o o. 0592 1 Ic 0 =] Then, Epbc204,Pb = E PbC204,Pb - 2 og ~ 2 4 
= -0.680 - o. 0296 log [c204:J vs. s.c .E. 
From this, the standard potential for the lead-lead oxalate 
el otrode was calculated for several oxalate ion concentra- 
tions in the range to be considered in this study. These 
are given in Table 3. 
TABLE 3 
THEORETICAL VARIATION OF THE LEAD-LEAD OXALATE 
ELECTRODE POTENTIAL WITH OXALATE ION CONCENTRATION 
Epbc204,Pb' [c204=] 
v. vs. S.C.E. 
-0.502 10-6 
-0.532 10-5 
-0.562 10-4 
-0.591 10-3 
-0.621 10-2 
-0.650 10-1 
In a potentiometric titration of calcium with oxalate 
ion, the potential of the lead-lead oxalate indicator elec- 
trode would be expected to become decidedly more negative at 
the equivalence point. 
The indicator electrode used was a piece of lead, 
4-1/2" x 1/2" x 1/1611, which was cleaned in nitric acid and 
anodized in a solution containing oxalate ion. 
In the first titration, 10 ml. of 0.08042 M Cac12 
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were diluted to approximately~lOO ml. After additions of 
O.l002 M oxalic acid, potential measurements were made vs. 
s.c.E. which was placed directly in the solution. The ini- 
tial potential, -0.426 v., went quickly to a minimum of 
-0.465 v. and then slowly increased, but no significant vari- 
ation was seen at the theoretical equivalence point of 8.02 ml. 
The potential curve is shown in Flgure 12. 
In .another titration, a KCl-agar salt bridge was used 
so that the s.c.E. could be removed from the titration beaker. 
The potential data are plotted in Figure 13; Again, there 
was no satisfactory detection of the theoretical eqiuvalence 
po rrrt, 8. 02 ml. 
A 0.1015 M sodium oxalate solution was also used as 
a titrant. The potential curve, shown in Figure 14, was no 
more helpful in locating the equivalence point, 7.92 ml., than 
the previous curves. 
Although the solubility product of lead(II) chloride 
would not predict interference from the precipitation of lead 
chloride, a chloride-free titration was run. Five milliliters 
of 0.1085 M calcium nitrate were titrated with 0.1015 M sodium 
oxalate, using an agar-potassium nitrate salt bridge to con- 
nect the s.c.E. The theoretical equivalence point, 5.35 ml., 
was not discernible from the titration curve given in Figure 
15. 
The effect of an added electrolyte was investigated 
by running another titration, using 1 M potassium nitrate as 
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the solvent. No equivalence point was located from the 
plot, given in Figure 16. 
Although satisfactory results were not obtained in 
potentiometric titrations using the lead-lead oxalate indica- 
tor electrode. it was used during several electrolysis to de- 
termine whether any significant potential changes occurred. 
The electrolysis cell was as described previously 
except that a porcelain porous bottom crucible was used as the 
anodic chamber. The lead-lead oxalate electrode was supported 
in the catholyte. The indicator potential was measured at 
intervals of 5 minutes after the working electrode potential 
and the current had become fairly constant. 
Lead oxalate was added to JOO ml. of water, and the 
lead-lead oxalate electrode was anodized in this before the 
electrolysis was begun. In the electrolysis, an agar-potas- 
sium nitrate salt bridge connected the s.c.E., and the anolyte 
used was 1 M potassium nitrate. 
The indicator potential was recorded, and then 5 ml. 
of 0.1085 M calcium nitrate was added. The potential of the 
Pt working electrode was manually adjusted to about -0.7 v. 
vs. S.C.E. The current, which was initially approximately 
40 milliamperes, dropped and remained at approximately 20 mil- 
liamperes after the first 15 minutes of the electrolysis. 
The initial potential of the indicator electrode, -0.4JO v. 
vs. S.C.E., rose to -0.JOl v. after electrolysis was begun, 
and then fell throughout the remainder of the electrolysis. 
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After 70 minutes, a maximum decrease of -0.02 v. in 5 minutes 
•occurred. This would be a reasonable time for the equivalence . 
point to be reached. 
Reproducibility of this potential variation was not 
obtained in further electrolyses. In one, added electrolytes 
were excluded, and a layer of agar was put on the porous bot- 
tom of the anodic chamber to prevent a variation of the ionic 
strength of the catholyte due to diffusion of the anolyte. 
The potential of the indicator electrode increased to a posi- 
tive value after electrolysis was begun. It appeared to be 
dependent upon the potential applied to the working electrode. 
When the electrolysis was momentarily interrupted, the indi- 
cator potential returned to approximately -0.4 v. which was in 
the expected range. The addition of about 10 ml. of 1 M potas- 
sium nitrate to the catholyte also caused the indicator poten- 
tial to return to approximately -o.4 v. 
' When 1 M potassium nitrate was used as an electrolyte, 
the initial potential of the indicator electrode, -o.473 v., 
decreased to -0.522 v. after JO minutes of electrolysis and 
remained there until the electrolysis was stopped after 80 
minutes. A momentary interruption of the applied potential 
did not drastically change the indicator electrode,potential 
as in the previous electrolysis. 
The addition of another 5 ml. of calcium nitrate did· 
not change the indicator potential, but the subsequent addition 
of 10 ml. of 0.1015 M. sodium oxalate resulted in an indicator 
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potential of -0.541 v. This might indicate that the equiv- 
.alence point had not been reached although it was estimated 
from the current that sufficient oxalate ion to completely 
precipitate 5 ml. of 0.1085 M calcium nitrate should have been 
generated. 
A 0.1 M NHJ.i.OH-0.1 M NHL~N03 buffer of pH 9.J was used 
in another electrolysis. The indicator potential started 
at -0.534 v., but increased to -O.J56 v. when the electrolysis 
was begun. Again, the indicator potential seemed dependent 
upon the potential applied to the working electrode. 
Discussion 
It has been shown that the reduction of a saturated 
lead oxalate solution can be used as a source of oxalate ions 
for the precipitation of calcium oxalate. 
This might be developed into a coulometric method if 
' an appropriate way of detecting the equivalence point can be 
found. Theoretically, a class three lead-lead oxalate indi- 
cater electrode appears to be a possibility. In this research, 
no conclusive verification of this,possibility was apparent. 
Using the lead-lead oxalate electrode, the most en- 
couraging results were observed in the electrolyses having 
some potassium nitrate as a supporting electrolyte. In these, 
the indicator electrode po~ential did not seem to be greatly 
dependent upon the applied potential of the working electrode 
as was found when using no electrolyte or a buffer solution. 
4J 
In one electrolysis, the catholyte had a small and 
•increasing concentration of potassium nitrate due to diffusion . 
of the anolyte through a porous divider. During one 5 minute 
period, a definite decrease in the indicator potential was 
noted. When 1 M potassium nitrate was used, a-constant indi- 
cator potential was observed. Ringbom reported the leveling 
effect of an added electrolyte upon the potential of the 
class three silver-silver oxalate electrode (22). Perhaps a 
study of the effect of the concentration of potassium nitrate 
upon the potential of the lead-lead oxalate electrode would 
result in discovering a concentration in which the equivalence 
point can be located. 
If this could be done, it would then be of interest 
to investigate the possibility of a coulometric determination. 
A constant potential coulometric determination of lead has· 
been developed using a mercury cathode and a silver anode (28). 
In this research, a coulometric measurement of the lead de- 
posited appears to be a probable method of measuring the oxa- 
late ions generated. It would be necessary to find a poten- 
tial such that lead(II) is reduced without the reduction of 
oxalic acid in order that a current efficiency approaching 
100% can be achieved. 
This method of precipitation might be used for the 
separation of or successive determination of calcium and 
magnesium since the solubilities of their oxalates differ. 
The solubility _product for magnesium oxalate is 8.6 x 10-5. 
44 
Then, in a solution that is 10-3 Min magnesium ion, mag- 
·nesium oxalate will not precipitate until the oxalate ion 
concentration reaches 8.6 x 10-2 M. This will occur after 
the equivalence point for calcium oxalate precipitation has 
been detected. 
The basic problem in continuing this research would 
be in finding a means of detecting the equivalence point. If 
further investigation of a class three indicator electrode 
did not prove fruitful, it is thought that the possibility of 
using specific cation electrodes might be studied. 
(1) 
( 2 ) 
( 3) 
(4) 
(5) 
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